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(54) Cooling system for communication station 



(57) A casing (1 03) of a communication station, ac- 
commodating communication equipment including heat 
components, is cooled by a boiling-type cooler (121) in 
a natural circulation refrigerating circuit and an evapo- 
rator (113) in a forced circulation refrigerating circuit 
(109), activated by a compressor (110). A common air- 
flow path (130) has a heated air intake port (132) for 
taking heated air into the casing (103) and a cooled air 



exhaust port (1 33) for blowing cooled air into the casing 
(1 03). A common fan (131) sends airto the boiling-type 
cooler (121) and the evaporator (113), all these items 
being built in the common airflow path (130). A temper- 
ature detector (1 34) detects at least an outer air temper- 
ature, and a compressor control (140) stops the opera- 
tion of the compressor (110) in the forced circulation re- 
frigerating circuit (1 09) based on the detected tempera- 
ture. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a cooling system to cool a communication station, wherein an inside of the 
communication station, accommodating communication equipment including heat elements such as boards, are cooled 
by a cooling device such as an air conditioner. 

[0002] The present invention also relates to an improvement of a system for cooling a casing of a communication 
station, wherein an inside of the casing, accommodating communication equipment including heat components, is 
10 cooled by a boiling type cooler in a natural circulation refrigerating circuit and an evaporator in a forced circulation 
refrigerating circuit, circulated by a compressor. 

DISCUSSION OF BACKGROUND 

15 [0003] In recent years, communication stations including a large number of electronical boards for communication 
are located in various places for relaying communications along with expanding popularization of portable communi- 
cation apparatuses. Dimensions of such communication relay stations are, for example, a width of about 6 m, a depth 
of about 1 .7 m, and a height of about 1 .7 m. Although the communication relay stations are relatively small, a gloss 
colorific value of electronical boards, equipped in the communication stations, are several kW through several dozens 

20 of kW. Therefore, air conditioners are used to cool these electronic boards by cooling board casings of the communi- 
cation stations. Figure 33 illustrates a structure of a conventional method for controlling to cool a communication station . 
In Figure 33, numerical reference 1 designates a rack accommodating a communication equipments including a large 
number of electronic boards and so on; numerical reference 3 designates a fan; numerical reference 4 designates an 
indoor unit including an indoor heat exchanger 4a and an indoor fan 4b; numerical reference 5 designates an outdoor 

25 unit including a compressor 5a and an outdoor heat exchanger 5b; numerical reference 6 designates a suction air into 
the indoor heat exchanger 4a; numerical reference 7 designates a blown-out air from the indoor heat exchanger 4a; 
numerical reference 8 designates a suction air for cooling the communication equipment 2; numerical reference 9 
designates a suction air temperature detector for detecting a temperature of the suction air 6; numerical reference 1 0 
designates a casing for accommodating the lack 1 and the indoor unit 4; and numerical reference 11 designates a 

30 cooling controller for controlling a cooling capability of the compressor 5a. 

[0004] In the next, an operation of the conventional method for controlling to cool the communication station will be 
described. The number of operating communication equipments 2 is changed in response to a frequency of commu- 
nication, and a colorific value is increased or decreased in response to the number of operating communication equip- 
ments 2. Thesuction air 8 to the communication equipments2 is sent by the fan 3 to cool the communication equipments 

35 2, is heated after cooling, and is taken in the indoor unit 4 as the suction air 6 into the indoor heat exchanger 4a. The 
suction air 6, taken into the indoor unit 4, is cooled by the indoor heat exchanger 4a, is blown out into the casing 1 0 
as the blown-out air 7 from the indoor heat exchanger 4a, and is served as the suction air 8 into the communication 
equipments 2. On the other hand, the cooling controller 11 controls a cooling capability of the compressor 5a based 
on an output temperature of the suction air temperature detector 9 so that the suction air 8 into the communication 

40 equipments 2 becomes a predetermined temperature, for example, 35°C or less. 

[0005] Further, a large number of communication stations for handy personal phones and so on are located in cities, 
rooftops of condominiums and office buildings, mountain tops in the suburbs, and wilds. Communication equipments 
are generally accommodated in a sealed casing in the communication stations. However, some of casings have a 
space too narrow to receive a person. Therefore, the casings are adequately cooled because heat components are 

45 included in the communication equipments. 

[0006] As a system for cooling such a casing is disclosed in Japanese Unexamined Patent Publication JP-A- 
11-135972. Figure 34 illustrates this system. The casing cooling system 151 for a communication station 152 is com- 
posed of a boiling type cooler 121 in a natural circulation refrigerating circuit 120 and an evaporator 113 in a forced 
circulation refrigerating circuit 1 09 so as to cool an inside of the casing 1 03 as the sealed space. The forced circulation 

so refrigerating circuit 109 is constructed to forcibly circulate a refrigerant by a compressor 110, which mechanism is 
generally used in an air conditioner and so on. Communication equipments 104 including heat components 105 are 
accommodated in the casing 103. In generally used communication equipments 104, a fan (not shown) is located 
inside an equipment case 106 having built-in heat components 105 to take an air from an intake port 107, located on 
a side surface or a bottom surface of the equipment case, and to blow a heat out of an exhaust port 108, positioned 

55 on a back of the equipment case. 

[0007] In a case of an evaporator, an intake port 155 for taking an air inside the casing 103 and an exhaust port for 
blowing a cooled air into the casing 103 are formed. In the case 153 of the evaporator, the evaporator 113 and a fan 
154 are built. On the other hand, on a back surface of the equipment case 1 06, a heated air guide path 1 57, connected 
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to the exhaust port 108, is formed. The heated air guide path 157 is connected to an air path 167 having a heated air 
intake port and a heated air exhaust port. A condenser 122 and a fan 163 are built in the air path 167. 
[0008] A condenser 111 in the force circulation refrigerating circuit 109 is located in a case of a condenser as an 
outdoor unit of an air conditioner. The case 117 of the condenser is formed like a box having an outer air intake port 
5 118 and an exhaust port 119. The condenser 111, the compressor 110, a choke valve 112 for refrigerant, and a fan 

116 are housed in the case 117 of the condenser. The forced circulation refrigerating circuit 109 is constructed by 
sequentially connecting the compressor 110, the condenser 111 , the refrigerant choke valve 112 in the condenser case 

117 with the evaporator 113 in the casing 103 via tubes 114, 115 for the refrigerant so as to be shaped like a ring. 
Further, the condenser 122 in the natural circulation refrigerating circuit 120 is disposed in the condenser case 159 as 

10 an outdoor unit. The condenser case 159 is shaped like a box having an outer air intake port 160, an exhaust port 161 , 
the condenser 122, the fan 162. The natural circulation refrigerating circuit 120 is constructed by connecting the con- 
denser 1 22 in the condenser case 1 59 with the boiling type cooler 121 in the airflow path 1 67 via a refrigerant evapo- 
ration tube 123 and a liquid refrigerant return tube 124 so as to be shaped like a ring. 

[0009] In the conventional cooling system, a cooling capability is determined in conformity with a maximum load of 
15 the heat components 1 05. Because the casing 1 03 generally has a structure having an extremely small heat transfer 
through solid conductors, there are very small variations of a cooling load inside the casing 103 in response to variations 
of an outer air temperature. 

[0010] In the next, an operation of the conventional system will be described. An air in the casing 103 is taken in the 
equipment case 1 06 through the air intake port 1 07 when a fan in the communication equipments 1 04 (not shown) is 

20 driven. A cooling air, taken in, cools the heat components 1 05 and is changed to be a heated air. Thereafter, the heated 
air is blown out of the exhaust port 1 08 in the back surface of the case into the heated air guide path 1 57. Thus blown- 
out heated air is sucked in the airflow path 1 67 through the heated air intake port 1 58 by the fan 1 63. The heated air 
passes through the boiling type cooler 121 in the airflow path 167 and primarily cooled by changing heat with a refrig- 
erant in the natural circulation refrigerating circuit 120. The air subjected to the primary cooling is sucked by the fan 

25 163 and blown into the casing 103 through the exhaust port 164. At least a part of the air subjected to the primary 
cooling is sucked into the evaporator case 153 through the intake port 155 by the fan 154 and passes through the 
evaporator 113, whereby the air is cooled by changing heat with a refrigerant in the forced circulation refrigerating 
circuit 1 09. Thus cooled air is blown out of the cooling air exhaust port 1 56 into the casing. 

[001 1] In the natural circulation refrigerating circuit 1 20, a refrigerant in the boiling type cooler 1 21 is boiled by chang- 

30 ing heat with the heated air so as to be a gas refrigerant. The gas refrigerant passes through the refrigerant evaporation 
tube 123 and reaches the condenser 122. The gas refrigerant in the condenser 122 is changed to a liquid refrigerant 
by changing heat with an outer air passing from the outer air intake port 160 to the exhaust port 161 in a condenser 
case 159, wherein the gas refrigerant is cooled. The liquid refrigerant returns to the boiling type cooler 121 through 
the liquid refrigerant return tube 124 by a gravity flow caused by a difference of weight densities between the liquid 

35 refrigerant and the gas refrigerant. On the other hand, in the forced circulation refrigerating circuit 109, a high-temper- 
ature high-pressure gas refrigerant, forcibly discharged out of the compressor 110, flows into the condenser 111 and 
is changed to be a liquid refrigerant by exchanging heat with an outer air flowing from the outer air intake port 118 to 
the exhaust port 119 in the condenser case 117 by the fan 116, wherein the high-temperature high-pressure gas re- 
frigerant is cooled. The liquid refrigerant is depressurized by the refrigerant choke valve 12 to be a gas-liquid two- 

40 phase state. Thereafter, the liquid refrigerant reaches the evaporator 113 through the refrigerant tube 114. The refrig- 
erant exchanges heat with an air flowing through the evaporator case 153 in the evaporator 113 so as to be a low- 
pressure gas refrigerant. The refrigerant returns to an intake side of the compressor 1 1 0 through the refrigerant tube 115. 
[0012] In the conventional cooling control method for communication stations, because an ordinary wall-hang or 
dangling-type package air conditioner is used as disclosed in Japanese Unexamined Patent Publication JP-A-4-98038, 

45 a suction temperature 6 of the indoor heat exchanger 4a is detected by the suction temperature detecting means 9. 
However, in case that an air distribution in the casing is not preferable, there occur phenomenons that exhausted heat 
from the communication equipments resides and an air blown out of the indoor unit causes a short cycle. Accordingly, 
a calorific value of the communication equipments, i.e. a real cooling load, does not in conformity with the suction air 
temperature 6. Accordingly, the air conditioner does not deal with the real cooling load, whereby a temperature in the 

so casing is increased or decreased; and environmental conditions of working temperature of the communication equip- 
ments are resultantly unsatisfied, and vapor is condensed in the air conditioner. 

[0013] Meanwhile, in the conventional cooling system, because the boiling type cooler 121 and the evaporator 113 
are located in the different airflow paths, it is necessary to locate fans 163 and 154 respectively for the airflow paths. 
[0014] Further, because a density of components installed in the casing 103 is high in orderto pursue compactness, 
55 it is impossible to provide a space for additional fans. Therefore, there is a problem that a large-sized fan can not be 
used, for example, a large airflow rate can not be supplied when the space of the casing 1 03 is unchanged. 
[0015] Incidentally, because the air, primarily cooled in the boiling type cooler 121 , diffuses in the casing 1 03 after 
passing through the exhaust port 164, apart of the airflows toward the evaporator case 153, like an arrow C, and the 
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other parts are sucked in the air intake port 107 of the communication equipment 104 by bypassing like an arrow B. 
When an airflow rate of the fan 154 is excessively large, the cooled air, blown out of the cooling air exhaust port 156, 
may return to the intake port 155 by a short cycle, whereby cooling efficiency is deteriorated. 
[0016] Further, in order to take the heated air in the boiling type cooler 121 , it is necessary to locate the heated air 
s guide path 157 and the heated air intake port 158, whereby a structure of airflow path becomes complicated. If the 
heated air guide path 157 is not localed, a high-temperature heated air, blown out of the exhaust port 108 or the 
communication equipments 104, is directly sucked into the suction port 155 of the evaporator 113 by bypassing the 
boiling type cooler 121, whereby there is a danger that the forced circulation refrigerating circuit 109 is broken. 

10 SUMMARY OF THE INVENTION 

[0017] It is an object of the present invention to solve the above-mentioned problems inherent in the conventional 
technique and to provide a cooling control method for communication stations, by which communication equipments 
can be cooled in response to a variation of a calorific value, caused by the number of operations of the communication 
15 equipments. Further, it is possible to control with a good follow-up capability; a cooler can be highly efficiently operated 
by saving an energy; moisture condensation can be prevented; frequent turning-ons and turning-offs of an air condi- 
tioner can be prevented; it is possible to deal with environmental changes; and a COP of the cooler can also be in- 
creased; and other improvements can be obtained. 

[0018] Further, another object of the present invention is to provide a cooling control method for communication 
20 stations, by which moisture condensation, caused by excessive drop of a temperature of a blowing-out air from an 
indoor unit can be prevented. 

[0019] Another object of the present invention is to provide a cooling system for a casing of communication stations, 
by which a capacity of the total volume of the cooling system is optimized, an energy is saved, and reliability of the 
system can be improved by appropriately combining a boiling-type cooler in a natural circulation refrigerating circuit, 
25 an evaporator in a forced circulation refrigerating circuit, and fans. 

[0020] According to a first aspect of the present invention, there is provided a cooling system for a communication 
station for cooling a casing of the communication station, accommodating communication equipments including heat 
components, by a boiling-type cooler in a natural circulation refrigerating circuit and an evaporator in a forced circulation 
refrigerating circuit, activated by a compressor comprising: 

30 

a common airflow path having a heated air intake port for taking a heated air into the casing and a cooled air 

exhaust port for blowing a cooled air into the casing; and 

a common fan for sending an air to the boiling-type cooler and the evaporator, 

35 wherein the boiling-type cooler, the evaporator, and the common fan are built in the common airflow path. 

[0021] According to a second aspect of the present invention, there is provided the cooling system for the commu- 
nication station, 

wherein the common airflow path is constructed by an air path on a cooler side, inside which the boiling-type 
cooler is installed, an air path on an evaporator side, in which the evaporator is installed, and a connection air path for 
40 connecting the air path on the cooler side and the air path on the evaporator side. 

[0022] According to a third aspect of the present invention, there is provided the cooling system forthe communication 
station further comprising: 

a temperature detecting means for detecting at least an outer air temperature; and 
45 a compressor control means for stopping an operation of the compressor in the forced circulation refrigerating 

circuit based on a detected temperature received from the temperature detecting means. 

[0023] According to a fourth aspect of the present invention, there is provided the cooling system for the communi- 
cation station further comprising: 

50 

a malfunction detecting means for detecting malfunctions of the forced circulation refrigerating circuit; and 

a driving means for keeping the common fan in a running state when the malfunctions in the forced circulation 

refrigerating circuit are detected by the malfunction detecting means. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] A more complete appreciation of the invention and many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference to the following detailed description when considered 
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in connection with the accompanying drawings, wherein: 

Figure 1 illustrates a structure of a cooling control method for a communication station according to Embodiments 

1 and 6; 

5 

Figure 2 is a block chart illustrating a cooling control means according to Embodiments 1 and 6; 

Figure 3 is a flowchart showing a control by the cooling control means according to Embodiments 1 and 6; 

10 Figure 4 is a flowchart illustrating a control by another cooling control means according to Embodiments 1 and 6 

of the present invention; 

Figure 5 is a flowchart illustrating a control by another cooling control means according to Embodiment 1 ; 

'5 Figure 6 illustrates a structure of a cooling control method for communication stations according to Embodiments 

2 and 7; 

Figure 7 is a block chart illustrating a cooling control means according to Embodiment 2; 
20 Figure 8 is a flowchart illustrating a control by the cooling control means according to Embodiment 2; 

Figure 9 is a flowchart illustrating a control by another cooling control means according to Embodiment 2; 
Figure 10 is a block chart illustrating another cooling control means according to Embodiment 2; 

25 

Figure 11 is a flowchart illustrating a control by another cooling control means according to Embodiment 2; 
Figure 12 is a flowchart illustrating a control by another cooling control means according to Embodiment 2; 

30 Figure 13 illustrates a structure of a cooling control method for a communication station according to Embodiment 

3 of the present invention; 

Figure 14 is a block chart illustrating a cooling control means according to Embodiment 3; 
35 Figure 15 is a flowchart illustrating a control by the cooling control means according to Embodiment 3; 

Figure 16 illustrates a relationship between a suction temperature and a cooling capability of an air conditioner; 
Figure 17 illustrates a relationship of various temperatures of the air conditioner according to Embodiment 3; 

40 

Figure 1 8 is a flowchart illustrating a control by another cooling control means according to Embodiment 3; 
Figure 1 9 illustrates a state of thermo-off according to Embodiment 3; 
45 Figure 20 is a block chart illustrating another cooling control means according to Embodiment 3; 

Figure 21 is a flowchart illustrating a control by another cooling control means according to Embodiment 3; 
Figure 22 illustrates a structure of a cooling control method for a communication station according to Embodiment 4; 

50 

Figure 23 illustrates a structure of another cooling control method for a communication station according to Em- 
bodiment 4; 

Figure 24 illustrates a structure of a cooling control method for a communication station according to Embodiment 5; 

55 

Figure 25 is a block chart illustration a cooling control means according to Embodiment 7; 

Figure 26 is a flowchart illustrating an operation of the cooling control means according to Embodiment 7; 
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Figure 27 is a flowchart illustrating an operation of a cooling control method according to Embodiment 6; 

Figure 28 illustrates a structure of a cooling control method for communication station according to Embodiment 8; 

Figure 29 is a block chart illustrating a cooling control means according to Embodiment 8; 

Figure 30 schematically illustrates a structure of a cooling system for a casing of a communication station according 
to Embodiments 9, 11 and 12, in accordance with the invention; 

Figure 31 schematically illustrates a structure of acooling system fora casing of a communication station according 
to Embodiment 10, in accordance with the invention; 

Figure 32 is a graph showing a relationship among a capability of a natural circulation refrigerating circuit, an outer 
temperature, and so on in a cooling system for a casing of a communication station according to Embodiment 11 ; 

Figure 33 illustrates a structure of a conventional cooling control method in a communication station; and 

Figure 34 schematically illustrates a structure of a conventional cooling system for a casing of a communication 
station. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] A detailed explanation will be given of preferred embodiments in reference to Figures 1 through 32 as follows, 
wherein the same numerical references are used for the same or similar portions and description of these portions is 
omitted. 

EMBODIMENT 1 

[0026] An example of a cooling control method for a communication station and a communication relay station (here- 
inbelow referred to as communication station) according to Embodiment 1 will be described. Figure 1 illustrates a 
structure of a cooling control method for a communication station according to Embodiment 1 . In Figure 1 , numerical 
references same as those in Figure 33 designate the same or similar portions and description of these portions are 
omitted. Numerical reference 11 a designates a cooling control means for controlling acooling capability of acompressor 
5a depending on cooling conditions of communication equipments 2 Numerical reference 12 designates an electrical 
power detecting means, such as an electric power meter, for detecting an electric power consumption, consumed by 
operating communication equipments 2. Numerical reference 13 designates a suction temperature detecting means 
for the communication equipments, which means detects a temperature of a suction air 8 into the communication 
equipments. Figure 2 is a block chart illustrating the cooling control means according to Embodiment 1 of the present 
invention. In Figure 2, numerical reference 20 designates a means for setting a target value of the suction temperature 
into the communication equipments. Numerical reference 21a designates a means for controlling air conditions, which 
means controls a cooling capability of the air conditioner having an indoor unit 4, an outdoor unit 5, and so on. Numerical 
reference 22 designates a means for controlling a frequency, which means controls the frequency of a power source 
of a compressor motor. The cooling control means 11a is constructed by the target suction temperature value setting 
means 20 forthe communication equipments, the aircondition control means 21 a, and the frequency control means 22. 
[0027] I n the next, an operation of the cooling control method for the communication station according to Embodiment 
1 will be described in reference of Figures 1 and 2. By the cooling control method for the communication station, a 
suction air temperature in the communication equipments 2 is controlled to be within a predetermined temperature by 
supplying a requisite amount of thesuction airfor the communication equipments by a fan 4b toward the communication 
equipments 2. In general, a temperature of thesuction air 8 for the communication equipments is controlled to be 35°C 
or less. The suction air 8 is heated after cooling the communication equipments 2, is sucked into the indoor unit 4 so 
as to be cooled by an indoor heat exchanger 4a, is returned to a casing 10 as a blowing-out air 7 ; and cools the 
communication equipments 2 again as the suction air 8 forthe communication equipments. 

[0028] The cooling control means 1 1 a controls the temperature of the suction air 8 forthe communication equipments 
so as to be a temperature set by the target suction temperature value setting means 20 forthe communication equip- 
ments, for example, 20°C or less based on outputs from the target suction temperature value setting means for com- 
munication equipment 13 and electric power detecting means 12. Provided that a flow rate by the fan 3 is 40 m 3 /min, 
and an electric power detected by the electric power detecting means 12 is 12 kW, because most of the electric power 
consumption used by an electronic circuit board is occupied by the electric power consumption used by the commu- 
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nication equipments 2, and therefore the consumption electric power of the communication equipments 2 and a calorific 
value of the communication equipments 2 are substantially the same, a temperature difference between the suction 
air 6 forthe indoor heat exchanger and the suction air 8 forthe communication equipments is expressed by the following 
equation: 

5 

AT=(electric power consumption)/(airflow rate x air 
density x specific heat of air at constant pressure). 

10 

[0029] When the electric power consumption is 12 kW; the airflow rate is 0.67 m 3 /sec; the air density is 1 .2 kg/m 3 ; 
and the specific heat at constant pressure of the air is 1 .01 kJ/kg-K, AT=15deg. When the temperature of the suction 
air 8 forthe communication equipments is 20°C, the temperature of the suction air 6 forthe indoor heat exchanger is 
20°C + AT=20°C + 15deg=35°C. Provided that the airflow rate of the fan 4b is 40m 3 /min, in order to supply the suction 

15 air 6 for the indoor heat exchanger as the suction air 8 for the communication equipments after cooling to be 20°C, an 
electric power of 1 2 kW is necessary. By controlling a capability of the air conditioner upon a detection of the electric 
power consumption by the communication equipments, it is expected that the capability follows an actual heat load. 
However, the expected temperature is not attained because the blown-out air 7 is mixed with an atmosphere around 
the blown-out air 7 from the indoor unit in the casing, and the mixture becomes the suction air 8 forthe communication 

20 equipments. Further, when the calorific value of the communication equipments 2 is abruptly changed, a very short 
time difference occurs until an influence of the change affects the output from the suction temperature detecting means 
13 for the communication equipments. In order to correct the time difference, a requisite capability of the compressor 
is basically calculated by comparing a temperature, outputted from the suction temperature detecting means 13 for 
the communication equipments, with the set target value so that the suction air temperature 8 for the communication 

25 equipments becomes the set target value, obtained by the target suction temperature value setting means 20 for the 
communication equipments. Thereafter, an upper limit of maximum frequency of the compressor is calculated based 
on the detected electric powerfrom the electric power detecting means 12, and the compressor 5a is controlled through 
the frequency control means 22 upon a command from the air condition control means 21 a, which outputs the command 
about the frequency after correcting the above-mentioned requisite capability. 

30 [0030] Figure 3 is a flowchart illustrating a control operation by the cooling control means 11a. The cooling control 
means 21 a checks a current frequency f, currently outputting to the compressor 5a, instep S1, hereinbelow referred 
to as S1. In S2, a temperature Tm of the suction air 8 of the communication equipments, detected by the suction 
temperature detecting means 13 for the communication equipments, and a set temperature Ts of the suction air 8 for 
the communication equipments, set by the target suction temperature value setting means 20 for the communication 

35 equipments are checked. In S3, when the temperature Tm and the set temperature Ts are not equal, it is checked 
whether or not the temperature Tm exceeds the set temperature Ts. In S5, when the temperature Tm exceeds the set 
temperature Ts, the frequency of the power source for the compressor 5a is increased by a predetermined value through 
the frequency control means 22. In step S6, when the temperature Tm does not exceed the set temperature Ts, the 
frequency of the power source for the compressor 5a is decreased by a predetermined value through the frequency 

40 control means 22. In S4, when the temperature Tm is equal to the set temperature Ts in S2, the frequency is maintained 
without change. The air condition control means 21 a receives an output from the electric power detecting means 12 
and operates an upper limit fmax of the frequency of the compressor in S7. The upper limit fmax is obtained by a 
function f (w) having a variable of the output w from the electric power detecting means 1 2. The function is, for example, 
as follows: 

45 

f(w) = 13.7 (W-6) + 30 

[0031] This function is for a case that characteristics of the compressor 5a are 12 kW at 112 Hz and 6 kW at 30 Hz, 
so and a capability of the compressor is changed so as to be linear in frequencies between 1 1 2 Hz and 30 Hz. In other 
words, a range of frequency is sufficient for making the compressor demonstrate cooling a capability for cooling the 
consumption electric power, i.e. calorific value, of the communication equipments 2. In S8, fmax, operated based on 
the function f(w), and f1 , calculated as above, are compared. In S9, S10, and S11 , when f1 is larger then fmax, the 
frequency of the compressor is set to be fmax; and when f1 is fmax or less, the frequency of the compressor is set to 
55 be f 1 . As described, the frequency of the compressor is controlled. 

[0032] Needless to say that, in S2 and S3 in Figure 3, it may be determined whether the temperature Tm of the 
suction air 8 for the communication equipments is equal to or larger than a value obtained by adding or subtracting a 
predetermined value from the set temperature Ts of the suction air 8 for the communication equipments. In other words, 
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by giving a predetermined range to the set temperature Ts and determining whether or not the temperature Tm is in 
this range, higher than an upper limit of the range, lower than a lower limit of the range, or in other positions, the 
temperature Tm may be brought into the range of the set temperature Ts. 

[0033] In Embodiment 1 , it is possible to provide the cooling control method, which makes the temperature of the 

5 suction air for the communication equipments stable, and by which a load and a change of the calorific value in ac- 
cordance wilh Ihe number of operations of the communication equipments 2 are dealt with. This control is realized by 
detecting Ihe temperature of the suction air 8 for operating the communication equipments 2 by the suction temperature 
detecting means 1 3 for the communication equipments and controlling the air conditioner by the cooling control means 
to bring the temperature of the suction air 8 within the range of the set temperature Ts. Further, there is a case that the 

10 calorific value of the communication equipments 2 is abruptly changed. In this case, the control depending on only the 
output signal from the suction temperature detecting means 13, obtained as a result of the change, is insufficient. 
Therefore, it is possible to achieve a stable control with a good follow-up capability by previously obtaining the output 
signal from the electric power consumption detecting means 1 2, being a factor for changing the temperature Tm of the 
suction air 8, and controlling the frequency of the compressor. 

15 [0034] Although, in Figure 3, the upper limit fmax of the frequency of the compressor is set in S7, the following steps 
may be adopted. At first it is judged whether the electric power consumption is increased or decreased by comparing 
detected values of the electric power before and after a receipt from the electric power detecting means 12 in S4, S5, 
S6, and S7. When the electric power consumption is decreased, a process similar to that described in Figure 3 is 
proceeded. When the electric power consumption is increased. In S7, the upper limit fmax is changed to the lower limit 

20 fmin=f(w) of the frequency of the compressor, and the lower limit fmin of the frequency of the compressor is changed 
to f(w) shown in Figure 3. In S8, it is judged whether or not f1<fmin. In S9, when fl<fmin, M=fmin is established. In 
S10, when flgfmin, f1=f1 is established. Thereafter, S11 is selected. 

[0035] In such a case, when the calorific value of the communication equipments 2 is abruptly increased or de- 
creased, it is possible to rapidly deal with the increment and the decrement, and a stable control with a good follow- 
25 up capability is obtainable. 

[0036] Meanwhile, the control method, illustrated in Figure 3, may be modified and simplified using only S4, S5, and 
S6 through S11 and removing S7, S8, S9, and S10. 

[0037] Figure 4 is a flowchart illustrating another example of the cooling control method according to Embodiment 1 . 
[0038] A procedure until S9 and S10 is the same as above. 

30 [0039] A structure of the cooling method is illustrated in Figure 1 , and a block chart of the cooling method is illustrated 
in Figure 2. In Figure 4, after calculating the frequency f 1 in step S9 or S1 0, an electric power consumption W, i.e. an 
output from the electric power detecting means 12, at a time of calculating the frequency f1 is compared with the set 
value Ws of a previously set consumption electric power in S21 . In S22, when W>Ws, the frequency of the compressor 
5a is set to be f1 . In S23, when WSWs, the capability of the compressor is minimized. This means that the frequency 

35 in the compressor is rendered to be smallest frequency, in which the compressor can be driven. Or it may be possible 
to form a refrigerating circuit for bypassing a part of a refrigerant, flowing into the outdoor heat exchanger 5b on a 
suction side of the compressor, to further degrade the cooling capability by making the frequency a minimum frequency 
enabling the operation of the compressor. The bypass circuit is not illustrated in Figure 1 . 

[0040] The set value Ws is made a little larger than a minimum capability of the air conditioner. For example, when 
40 the minimum capability is 6 kW, the set value Ws is 7 kW. In the first example of Embodiment 1 , when the calorific 
value of the communication equipments is reduced, there is a case that the compressor is stopped by a thermo-off 
because the capability of the air conditioner is sequentially reduced in accordance with the reduced calorific value, 
and finally the calorific value becomes smaller than the minimum capability of the air conditioner. In this example, step 
S21 is added to judge to minimize the capability of the compressor before the decrement of the calorific value less 
45 than the minimum capability of the air conditioner, whereby the thermo-off does not easily occur. Repetition of the 
thermo-ons and the thermo-offs does not only shorten a lifetime of a compressor but also causes moisture condensation 
in the casing. 

[0041] Further, a process of designating the upper limit value of the frequency in Figure 4 may be changed. As in a 
flowchart illustrated in Figure 5, the output W from the electric power detecting means 12 is compared with the set 
so value Ws in S51 , and the capability of the compressor is minimized in S53 when WSWs is established. It is possible 
to simplify the structure of the cooling control method while maintaining a function of preventing the moisture conden- 
sation, caused by the repetition of thermo-ons and thermo-offs. A structure and a block chart of this modification are 
respectively illustrated in Figure 1 and Figure 2. 

55 EMBODIMENT 2 

[0042] Hereinbelow, an example of a cooling control method for a communication station according to Embodiment 
2 will be described. Figure 6 illustrates a structure of the cooling control method forthe communication station according 
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to Embodiment 2. 

[0043] Figure 7 is a block chart of the cooling control method. In Figures 6 and 7, the same numerical references as 
those in Figures 25, 1 and 2 designate the same or similar portions and description of these portions is omitted. Nu- 
merical reference 11b is a cooling control means for controlling a cooling capability of an air conditioner. Numerical 
5 reference 9 designates a suction temperature detecting means for an indoor unit of the air conditioner, which detects 
a suction air temperature into the indoor unit. 

[0044] Figure 8 illustrales a flowchart illustrating an operation of the cooling control method. A processes until S5 
and S6 is similar to that described in Embodiment 1. In S31, the upper limit fmax of the frequency is obtained as a 
function f(Tin) having a variable of a suction temperature Tin detected by the suction temperature detecting means 9. 

10 When a temperature Tm of the suction air 8 for the communication equipments is constant, there is a relationship 
between the calorific value of the communication equipments and the suction temperature Tin of the indoor unit: 

Tin~ (calorific value of communication equipment) 
[0045] Accordingly, it is possible to substitute the suction temperature for the electric power consumption, described 
in Embodiment 1 in reference of Figure 3. For example, provided that Tm=20°C (constant), and the airflow rate of the 

15 blower 3 is 40 m 3 /min, the following equation is established: 

Tin=Tm+ AT=20+1 .23W, 

20 where the consumption electric power is denoted by W, the airflow rate is 0.67 m 2 /sec, the air density is 1 .2 kg/m 3 , 
and the specific heat at constant pressure of the air is 1 .01 kJ/kg-K, 
wherein 

25 the equation AT = (electric power consumption) / (airflow rate x air density x specific heat 

of air at constant pressure), 

described in Embodiment 1 , is used. 
30 [0046] Further by substituting thus obtained W for W in the equation f(W)=13.7(W-6)+30, described in Embodiment 
1 , the following equation is obtained: 

f(Tin) = 11.2Tin-277 

35 

[0047] For example, fmax is calculated by such a function. 

[0048] In case that the suction temperature Tin is 35°C, the following equation is established: 
40 f(Tin)=115Hz, 
where Tin=35°C. 

[0049] This represents a case that a capability of the compressor 5a is linearly changed on a premise that charac- 
teristics of the compressor 5a is 1 2 kW at 1 1 2 Hz and 6 kW at 30 Hz. Thus operated fmax from f(Tin) and f1 calculated 
45 above are compared in S32. In S33, S34 and S35, the frequency of the compressor is set to be fmax, in case that f 1 
is larger than fmax; and the frequency is set to be f1 in case that f 1 is fmax or less. 
[0050] Thus the frequency of the compressor is controlled. 

[0051] Further, although it is not illustrated in the flowchart, when thus calculated f1 is out of a frequency band 
enabling to use the compressor it is possible to add afunction of limiting the frequency at upper and lower limit values. 

so [0052] There is a case that the calorific value of the communication equipments 2 abruptly changes. In such a case, 
it is insufficient to control using only the output signal from the suction temperature detecting means 13 for the com- 
munication equipments. By checking and controlling the suction temperature Tin reflecting a change of the calorific 
value of the communication equipments, being a factor for changing the temperature Tm, it is possible to stably control 
with a good following-up capability. 

55 [0053] In the next, a cooling control method for communication relay stations according to an another example in 
Embodiment2 will be described in reference of Figures. In Figures 6 and 7, a structure and a block chart are respectively 
illustrated. 

[0054] Figure 9 is a flowchart illustrating an operation of the cooling control means 11b. In Figure 7, a procedure 
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according to this example of Embodiment 2 is the same until the steps S33 and S34, described in the former example. 
After calculating the frequency f1 in the step S33 or S34, a suction temperature Tin of the indoor unit, outputted from 
the suction temperature detecting means 9, is compared with a previously set value Tins of the suction temperature 
in S41 . When Tin>Tins, the frequency of the compressor is set to be f1 in S42. When TingTins, the capacity of the 

s compressor is minimized in S43. This means that the frequency of the compressor is decreased to a minimum frequency 
enabling the operation of the compressor. Further, a refrigerating circuit is constructed so as to bypass a part of a 
refrigerant flowing into the outdoor heat exchanger 5b on a suction side of the compressor (not shown in Figure 6). In 
this case, a cooling capability can be degraded by makingthe frequency of the compressorto be the minimum frequency 
enabling the operation of the compressor. Such an application can also be adopted. 

10 [0055] The set value Tins is determined as follows. Step S41 in Figure 9 has a significance similar to the step S21 
in Embodiment 1 with reference to Figure 4. When the temperature Tm of the suction air 8 into the communication 
equipments is constant, there is the following relationship between the calorific value of the communication equipments 
and the suction temperature Tin of the indoor unit: 

Tin°-= (calorific value of communication equipment) 

15 [0056] Accordingly, it is possible to substitute the suction temperature for the electric power consumption described 
in reference of Figure 4. Because the set temperature Tins is little higher than the minimum capability of the air con- 
ditioner, when the minimum capability is 6 kW as in Figure 4, for example, Tin with respect to the electric power con- 
sumption of 7 kW is determined. At this time, a temperature difference AT between the suction air 6 and the suction 
air 8 for the communication equipments with respect to the electric power consumption of 7 kW becomes AT=8.7deg, 

20 in use of the above-mentioned constants and the equations. When Tm is 20°C, Tin=Tm+AT=28.7°C, wherein 
Tins=2B.7°C. 

[0057] In Figure 9, as described in Embodiment 1 with reference to Figure 5, a structure of the method can be 
simplified by directly connecting S4, S5 and S6 to S32 and removing S31 , S32, S33, and S34 in Figure 9, whereby a 
function of preventing moisture condensation caused by repetitions of thermo-ons and thermo-offs. 

25 [0058] Further, it is possible to substitute S21 , S22, and S23, described in Embodiment 1 with reference to Figure 
4, for S41 , S42, and S43 in Figure 9. In other words, it is controlled as illustrated in a flowchart of Figure 11 , whereby 
when the calorific value of the communication equipments is reduced, the compressor is seldom stopped, i.e. thermo- 
off by sequentially reducing the capability of the air compressor and thereby the calorific value becomes smaller than 
the minimum capability. Thus a lifetime of the compressor caused by the repetition of thermo-ons and thermo-offs is 

so prevented from reducing, and the moisture condensation can be prevented. In this case, the electric power detecting 
means 1 2 is added to Figure 6, and a block chart illustrating this case is in Figure 1 0. Further, it is possible to substitute 
S41, S42, and S43, illustrated in Figure 9, forS21, S22, S23, described in Embodiment 1 with reference to Figure 4. 
In other words, by controlling like a flowchart illustrated in Figure 1 2, similar function and effect are obtainable. In this 
case, the electric power detecting means 12 is added to Figure 6, and a block chart illustrating this case is in Figure 

35 1 0 as above. 

[0059] Further, although in Embodiments 1 and 2, the cases of detecting electric power consumption of electronic 
boards of the communication equipments is detected by the electric power detecting means 12, the electric power 
consumption may be substituted by a current of the communication equipments. There is an effect of detecting the 
electric power consumption by calculating the electric power consumption from a detected total value of the current of 
40 the communication equipments, accommodated in the casing, using an ampere meter, of which cost is lower than that 
of the electric power meter, so as to form the electric power detecting means. 

EMBODIMENT 3 

45 [0060] Hereinbelow, an example of a cooling control method for communication stations according to Embodiment 
3 will be described. Figure 13 illustrates a structure of the cooling control method for the communication station ac- 
cording to Embodiment 3. 

[0061] Figure 14 is a block chart of the cooling control method. Figure 15 is a flowchart illustrating a control by the 
cooling control method. In Figures 13 and 14, numerical references same as those described in Embodiments 1 and 

so 2 designate the same or similar portions and description of these portions is omitted. Numerical reference 11c desig- 
nates a cooling control means for controlling a cooling capability. Numerical reference 20a designates an initial target 
suction temperature value setting means for the communication equipments. Numerical reference 20b designates an 
initial target suction temperature value setting means for the indoor heat exchanger. Numerical reference 20d desig- 
nates a target value determining means for determining a target value of the suction temperature for the indoor heat 

55 exchanger and a target value of the suction temperature for the communication equipments. Numerical reference 21 d 
designates an air condition control means for controlling a capability of the air conditioner based on the target value f 
the suction temperature for the communication equipments determined by the target value determining means 20d. 
Numerical reference 20e designates a memory for memorizing outputs detected by the suction temperature detecting 
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means 9 and the suction temperature detecting means 13. Numerical reference 20f designates a timer. 
[0062] The cooling control means 11c is formed by the initial target suction temperature setting means 20a, the initial 
target suction temperature value setting means 20b, the target value determining means 20d, the memory 20e, the 
timer 20f, the air condition control means 21 d, the frequency control means 22, and so on. 
5 [0063] In general, when an air conditioner is operated by increasing the suction temperature less than a limit value, 
ordinarily 40°C or less, an efficiency is improved as in Figure 16, wherein a sensible cooling capability in the ordinate 
is increased along with an increment of the suction temperature into the air conditioner in the abscissa. In Figure 13, 
when the suction temperature detected by the suction temperatu re detecting means 9 is maintained as high as possible, 
the efficiency is improved. In order to attain this state, the following control is performed. 
w [0064] A controlling operation by the cooling control means 11c will be described in reference of a flowchart illustrated 
in Figure 15. The target initial value Tinso, set by the suction temperature initial target value setting means 20b, and 
the initial target value Tso, set by the suction temperature initial target value setting means 20a for the communication 
equipments, are read out in S1 01 . In S1 02, the read out values are used respectively as the suction temperature target 
value Tins and the suction temperature target value Ts for the communication equipments. In S103, the suction tern- 
's perature target value Ts, being equal to Tso, of the communication equipments is inputted into the air condition control 
means 21 d. The air condition control means 21 d compares the output Tm from the suction temperature detecting 
means 13 for the communication equipments with the suction temperature target value Ts for the communication equip- 
ments, controls the frequency control means 22, and controls a capacity of the compressor 5a, whereby the capability 
of the air conditioner is controlled. The capability of the air conditioner is controlled in accordance with, for example, 
20 S1 through S6 illustrated in Figures 3, 4, 5, 8, 9, 11 and 12 and described in Embodiments 1 and 2. The suction 
temperature Tin of the indoor unit and the suction temperature Tm of the communication equipments, obtained as a 
result of the control, are respectively detected by the detecting means 9 and 1 3, and the detected values are memorized 
every minute in S105. In S104 and S106, ten minutes are counted. In S107, the suction temperature detected values 
Tin for the ten minutes are read out from the memory 20e, and an average value Tin1 0 of the suction temperature 
25 detected values is calculated by the target value determining means 20d. The average value and the suction temper- 
ature target value Tins are compared in S1 08. When a difference between the average value and the suction temper- 
ature target value Tins is smaller than a range of ±1°C, the suction temperature target value Ts for the communication 
equipments is unchanged in S109. In S110, it is judged whether or not the average value Tin10 is higher than the 
suction temperature target value Tins by 1°C or more. When higher by 1°C or more, the suction temperature target 
so value Ts for the communication equipments is decreased by 1°C in S111. On the other hand, when the average value 
is lower than the suction temperature target value Tins plus 1°C in S110, the suction temperature target value Ts for 
the communication equipments is increased by 1 "C in S112. In S1 03, thus determined suction temperature target value 
Ts for the communication equipments are inputted into the air condition control means 21 d again. These operations 
are repeated. 

35 [0065] By setting the suction temperature target value Tins as high as possible so as not to exceed the limit value, 
it is possible to use the air conditioner at a high temperature range as close as possible to the suction temperature 
target value Tins, whereby the air conditioner is in a highly efficient state. Further, moisture condensation can be 
prevented because the blowing-out temperature from the air conditioner is increased. As an example of this embodi- 
ment, Figure 17 illustrates a case that the initial value of the suction temperature target value Ts for the communication 

40 equipments is 30°C and the initial value of the suction temperature target value Tins is 35°C. In Figure 1 7, the capability 
of the air conditioner is balanced with the loads, and the suction temperature tin, the suction temperature Tm for the 
communication equipments, and the blowing-out temperature for the air conditioner becomes even with a lapse of 
time. The reason why the average value of the detected values of the suction temperature for every ten minutes is 
used for controlling the air compressor is to avoid disturbance in the control, caused by a temporary change of the 

45 temperature in the communication station. In general, there is a case of controlling the frequency by every one minute 
for controlling a capability of an air conditioner by an air condition control means. In this case, frequent changes in a 
suction temperature target value Ts for the communication equipments make the control unstable. As described in this 
embodiment, by automatically setting and changing the suction temperature target value Ts for the communication 
equipments, it is possible to use the air conditioner in a most preferable manner in conformity with actual conditions 

so of the loads. 

[0066] In the next, another example will be described. Figures 13 and 14 respectively illustrate a structure and a 
block chart of this example. A flowchart for controlling is illustrated in Figure 1 8. As described in reference of Figure 
17, when the calorific value of the communication equipments and the cooling capability of the air conditioner are 
balanced, the control, described in the prior example, can be adopted. However, the air condition control means 21 d 
55 of the air conditioner is in a themno-off condition when the suction temperature Tm for the communication equipments 
becomes lower than the suction temperature target value Ts for the communication equipments by a predetermined 
value. This state is illustrated in Figure 19. In this case, there are possibilities of: 
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(1) causing the suction temperature Tm for the communication equipments to temporarily outstrip the suction 
temperature target value Ts for the communication equipments; and 

(2) adversely affecting the lifetime of the air conditioner because frequent thermo-ons and thermo-offs occur. 

5 [0067] Especially, as for (2), when the suction temperature Tin is increased as high as possible so as to attain the 
aim of the control according to this embodiment, the suction temperature Tm into the communication equipments is 
resultantly increased. When the suction temperature target value Ts for the communication equipments is high, a time 
that the suction temperature Tm for the communication equipments reaches by decreasing to the suction temperature 
target value Ts for the communication equipments after starting to cool by making the air conditioner thermo-on. 

10 [0068] Further, it is generally necessary to control the air conditioner for protecting the compressor, wherein the 
thermo-on should be prevented for three minutes. Because a cooling function is stopped for the three minutes, a 
temperature of the communication station is increased as illustrated in Figure 19. Although a tendency of the increment 
depends on the calorific value of the communication equipments inside the communication relay station, when the 
calorific value is constant, a temperature to be gained inside the communication relay station is high as the suction 

15 temperature target value Ts for the communication equipments is high because of the period between the thermo-off 
and the thermo-on. In general, when an actually measured value is a target value such as the suction temperature 
target value Ts for communication equipments plus 1°C, an air conditioner is in a state of thermo-on, and when the 
actually measured value is the target value minus 1°C, the air conditioner is in a state of thermo-off, wherein even 
though criteria for the thermo-on and the thermo-off are changed, the above-mentioned tendency similarly occurs. 

20 [0069] In order to solve the above-mentioned problems (1) and (2), the following process is added to the above 
control. When at least one of conditions that the suction temperature Tm once exceeds a certain limit value, for example 
35°C, within the ten minutes andthat the thermo-on occurs twice or more within the ten minutes, thesuction temperature 
target value Tins is decreased by 1°C. 

[0070] Such an operation will be described in reference of Figure 18. An explanation, already have described in the 
25 example in Figure 15, is omitted. The air condition control means 21 d judges the thermo-on and thermo-off in the air 
conditioner. In case of the thermo-on, the thermo-on is reported to the target value determining means 20d, wherein 
the target value determining means 20d counts the number of the thermo-ons, and the memory 20e memorizes the 
information and a detected value of the suction temperature Tm for the communication equipments in S105b. After a 
lapse often minutes, in S201 , the target value determining means 20d checks whether or not Tm at least once exceeds 
30 35°c during the ten minutes or not by calling out the detected value out of the memory. In S202 and S203, Flag is set 
to be 1 when Tm has thus exceeded. In S204, the target value determining means 20d checks whether or not two 
times or more thermo-ons have occurred during the ten minutes. In case of the two times or more, Flag 2 is set to be 

I in S205 and S206. In S207, it is judged whether or not at least one of Flag and Flag2 is 1 . If so, in S209, the target 
value Tins of the suction temperature is decreased by 1 °C. Tins is maintained to be the same when both of the flags 

35 are 0 in S208. After determining the suction temperature target value Tins by the target value determining means 20d, 
the suction temperature target value Tsforthe communication equipments for controlling next ten minutes is determined 
in S107 through S112, similar to those in the above embodiment, based on the average value Tin10 of the suction 
temperatures in the ten minutes after determining the suction temperature target value Tins by the target value deter- 
mining means 20d. This procedure is repeated in a similar manner to that described in the above embodiment. 

40 [0071] In this example, it can be misunderstood that a running efficiency is in a tendency of deteriorating by decreas- 
ing the suction temperature target value Tins. However, this makes the air conditioner run with a best efficiency and 
without a danger of generating moisture condensation if a presupposition of controlling in the present invention that 
the suction temperature for the communication equipments is maintained to be a predetermined value or less is sat- 
isfied, wherein the control is based on a worm's eye view. 

45 [0072] In the next, another example of this embodiment will be described. 

[0073] In the above-described two examples of Embodiment 3, the control means for determining the target value, 
by which a stable usage is obtainable for a certain condition of the load. In an actual application, because there is a 
case that the operation is troubled, for example, moisture condensation occurs in the communication station and a 
usable temperature range of the air conditioner is escaped, by decreasing or increasing the suction temperature target 

50 value Tins and/or the suction temperature target value Ts without limit. 

[0074] A structure of the system is illustrated in Figure 1 3, and a block chart is illustrated in Figure 20 as in the above 
examples. In Figure 20, numerical reference 20g designates a suction temperature target lower limit value setting 
means; and numerical reference 20h designates a suction temperature target upper limit and lower limit values setting 
means. The cooling control means 1 1 d is constructed by adding the suction temperature target lower limit value setting 

55 means 20g and the suction temperature target upper and lower limit value setting means 20h to the above-mentioned 

I I c. In use of a flowchart illustrated in Figure 21 , points different from described above will be described. An explanation 
of the portions same as described above is omitted. In S101b, a lower limit value Tinsmin of the suction temperature 
target value, set by 20g, and a lower limit value Tsmin and an upper limit value Tsmax of the suction temperature target 
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value, both set by 20h, are read. It is detected for ten minutes like the above example. After determining the suction 
temperature target value Tins depending on a value of the flag, it is compared whether or not the determined value 
Tins is smaller than the lower limit value Tinsmin in S210. If small, Tsin=Tsmin in S212. If large, the determined value 
Tins is used as in S212. After determining the suction temperature target value Ts by comparing an average value of 
the suction temperatures for the ten minutes with the suction temperature target value, the suction temperature target 
value Ts is compared with the upper limit value Tsmax and the lower limit value to determine whelher or not the suction 
temperature target value Ts exceeds the upper limit value Tsmax or is smaller lhan the lower limit value Tsmin, respec- 
tively in S304 and S301 . If exceeds the upper limit value, in S306, the target value Ts is equal to Tsmax. If smallerthan 
the lower limit value, in S303, Ts is equal to Tsmin. If between the upper limit value and the lower limit value, in S302 
and S305, the determined Ts is used. Meanwhile, the upper limit value of the suction temperature target value of the 
suction temperature target value corresponds to the target initial value Tinso, set by the suction temperature target 
initial value setting means 20b. 

[0075] In the above examples, the control means determines the target values enabling the stable operation. How- 
ever, there is a possibility that these target values in the stabilized condition do not always realize a most stable operation 
depending on hours and seasons. This is because, the capability of the air conditioner is influenced by an outer air 
temperature and there is a change, caused by heat and so on penetrating through a wall of the casing 10. In order to 
deal with these problems, as illustrated in S401 and S402 in the flowchart illustrated in Figure 21 , all values are set 
back to initial values by every predetermined time, for example, every six hours, and a most suitable target value for 
the time point is searched. 

EMBODIMENT 4 

[0076] Even though other air conditioners and auxiliary cooling devices such as heat pipes and boiling type cooling 
devices in addition to a main cooling device of the above-described air conditioner as the cooling means, the process, 
described in Embodiment 3, can be similarly proceeded. A system structure in this case is illustrated in Figure 22. In 
Figure 22, numerical reference 30a designates an evaporator i.e. an aircoolerof the auxiliary cooling device. Numerical 
reference 30b designates a condenser, i.e. a radiator, of the auxiliary cooling device. Numerical reference 30c desig- 
nates an intake air into the evaporator. Numerical reference 30d designates a blowing-out air. The auxiliary cooling 
device 30 is constructed by the evaporator 30a, the condenser 30b : and so on. The auxiliary cooling device 30 may 
be located at any place inside the casing 1 0. As long as the auxiliary cooling device 30 is constantly and independently 
controlled, it is possible to process in a manner completely similar to that described in Embodiment 3, wherein the 
calorific value of the communication equipments 2 and removed heat by the auxiliary cooling device 30 are treated as 
the load inside the communication station and the removed heat is treated as an added heat. In other words, all ex- 
amples described in Embodiment 3 can be applied to this structure in Embodiment 4. 

[0077] Another Example of Embodiment 4 will be described. A structure is illustrated in Figure 23. As illustrated in 
Figure 23, by controlling a shut-down of the auxiliary cooling device 30 by a cooling control means 11f of the main 
cooling device, it is possible to more effectively operate the air conditioner. A cooling capability of a main cooling device 
is generally larger than that of an auxiliary cooling device. However, when both of these are independently operated, 
there is a case that an input is excessively increased by combining these operations, for example, the auxiliary cooling 
device is continued to run even though an internal load can be covered by the main cooling device. Further, when the 
load is small, there is a case that only the auxiliary cooling device can cover the load. In this case, by appropriately 
selecting these devices, an effective operation is demonstrated in consideration of an entire system. 

EMBODIMENT 5 

[0078] A structure according to Embodiment 5 is illustrated in Figure 24. The auxiliary cooling device, described in 
Embodiment 4, is substituted by a boiling type cooling device 31 including an evaporator 31a and a condenser 31b, 
wherein the evaporator 31 a is located on an upper stream side in the airflow path, in which the main cooling device is 
located. The boiling type cooling device 31 has a characteristic that as a difference between an evaporative temperature 
in the evaporator 31a and a condensing temperature in the condenser 31b located in an outdoor unit of the boiling 
type cooling device increases, a capability is further demonstrated, basically in proportion thereto. Further, the boiling 
type cooling device 31 is inputted from only a blower 31c. Therefore, it is possible to highly efficiently use the air 
conditioner by making the air path of the indoor unit commonly use for that of the air conditioner and the air path of the 
indoor unit commonly use for the boiling type cooling device and the air conditioner. 

[0079] Therefore, for example, a suction temperature into the indoor unit, i.e. the evaporator 31 a, of the boiling type 
cooling device 31 is set to be as high as possible while satisfying conditions that (suction temperature forcommunication 
equipment Tm)S35°C and (suction temperature for indoor heat exchanger Tin)S40°C. 

[0080] By controlling in a manner similar to that described in Embodiment 3, the above example can be realized. 
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However, it is necessary to locate a detecting portion of the suction temperature detecting means 9 ahead the evap- 
orator, i.e. the indoor heat exchanger 4a, of the air conditioner, being the main cooling device. 
[0081] When the detected value by the suction temperature detecting means 9 is smallerthan a predetermined value, 
for example 20°C. The suction air temperature into the communication equipment is controlled to be 35°C or less. 
However, when it is excessively lowered, the following problems occur: 

(1) There is a lower limit in a circumstance of a temperature, at which accommodated equipments are used. Gen- 
erally, it is 0°C or more, but 20°C or more is preferable for a battery; 

(2) As an indoor temperature is low, the suction air temperature approaches a dew point of an indoor air and 
moisture condensation is apt to occur; and 

(3) An energy is not properly saved. Further, other problems may occur. 

[0082] In such a case, the blower of the outdoor unit of the auxiliary cooling device 31 is stopped. The shut-down of 
the blower of the outdoor unit demonstrates various effects in the following cases in addition to the above-mentioned 
situation, where a detecting means, a determining means, and so on are not specifically mentioned. 

(1) An outer air temperature is lower than a predetermined temperature; 

(2) A difference between detected values of the suction temperature for the boiling type cooling device and of the 
outer air temperature is larger than a predetermined value; 

(3) A difference between the suction temperature and the blowing-off temperature, both of the heat exchanger in 
the outdoor unit of the boiling type cooling device, is larger than a predetermined value; 

(4) A difference between an inlet temperature and an outlet temperature, both of a refrigerating tube forthe outdoor 
unit of the boiling type cooling device, is larger than a predetermined; and 

(5) A detected value by the suction temperature detecting means forthe communication equipments is lower than 
a predetermined temperature. 

[0083] Further, in the following cases, corresponding measures are adopted instead of stopping the blower in the 
outdoor unit. 

[0084] At first, if there is a danger that an air conditioner can not be restarted after once stopping a blower of an 
outdoor unit because snow falls and piles up, the following measures are adopted. 

(1) Decreasing but not stopping the number of revolution of the blower in the outdoor unit; 

(2) Without stopping the blower in the outdoor unit, the blowing by the indoor unit of the main cooling device is 
intermittently operated; and 

(3) Without stopping the blower in the outdoor unit, the number of revolution of the blower in the indoor unit of Ihe 
main cooling device is decreased. 

[0085] Further, when a difference between the outdoor air temperature and the suction air temperature for the com- 
munication equipments is not sufficiently kept, because there is a danger that the capability of the boiling type cooling 
device is inferior to the input, namely a COP becomes less than 1 , the blower in the outdoor unit of the boiling type 
cooling device is stopped, whereby an energy is saved. For example, when the outdoor air temperature is 10°C or 
more and snow does not pile up, a temperature difference is measured, and if it is 1 °C or less, the outdoor unit is stopped. 
[0086] In Embodiments 3, 4, and 5, even though a plurality of air conditioners, i.e. main cooling devices, exist in the 
casing 10 of the communication relay station, or a total number of air conditioning apparatuses, i.e., main cooling 
devices, and auxiliary cooling devices is plural, it is possible to determine a most suitable operation with respect to a 
condition of heat from communication equipments accommodated in the communication relay station by starting a 
process from initial values respectively of the main cooling devices. In case of the plurality of cooling devices, there is 
a possibility that cooling functions interfere each other. However, the most suitable state can be automatically deter- 
mined in consideration of a relationship between the plurality of cooling devices. 

[0087] However, the suction temperature target value Tins of the main cooling device can only be decreased for the 
operation . This is because, a characteristic of the control is to decrease the suction temperature target value Tins from 
the initial value, for example, 35°C, of the suction temperature target value Tins while searching a maximum value, 
which does not causes problems. 

[0088] There is a case that a calorific value in the communication relay station abruptly changes depending on a 
condition of the communication. However, it does not largely change in general, even though some changes stationary 
occur. Further, a capability of boiling type cooling device, used as the auxiliary cooling device, changes depending on 
an outer air temperature. Accordingly, a state of various target values, attained after the above-mentioned process 
started at a certain time point, does not always most suitable values at other time points. Since it is not processed to 
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increase the suction temperature target value Tins, all target values are returned to initial values at a certain time point, 
e.g. after six hours from starting a previous process, and after six hours from any change of the suction temperature 
target value Tins, and a process for acquiring the most suitable state, whereby the most suitable operation is realized. 
[0089] In the above Embodiments 1 , 2, 3, 4 and 5, all values concerning the temperatures, the times, and so on are 
5 given as examples and may be changed depending on conditions. 

EMBODIMENT 6 

[0090] An operation of the cooling control method for the communication station according to Embodiment 6 will be 

10 described in reference of Figures 1 and 2. In the cooling control method for the communication station, the suction air 
temperature in the communication equipments 2 is controlled to be within a normal temperature by supplying a pre- 
determined amount of the suction air 8 to the communication equipments 2 by the fan 4b. In general, the temperature 
of the suction air 8 is controlled to be 20°C or less. The suction air 8 is heated after cooling the communication equip- 
ments 2, sucked into the indoor unit 4 as the suction air 6, cooled by the indoor heat exchanger 4a, returned to the 

15 casing 10 as the blowing out air 7, and again provided to cool the communication equipments 2 as the suction air 8 
for the communication equipments. The cooling control means 11a controls the temperature of the suction air 8 to be 
the set temperature, e.g. 2Q°C, or less based on outputs from the suction temperature detecting means 13 for the 
communication equipments and the electric power detecting means 12. Provided that the airflow rate by the fan 3 is 
40 m 3 /min and the electric power detected by the electric power detecting means 12 is 12 kW, the consumption electric 

20 power and the calorific value is substantially the same in the communication equipments 2, of which electric power 
consumption is consumed mostly by electronic circuit board, whereby a temperature difference AT between the suction 
air 6 and the suction air 8 becomes AT=(electric power consumption)/(airflow rate x air density x specific heat of air at 
constant pressure). The electric power consumption is 12 kW, the airflow rate is 40 m 3 /min, the air density is 1 .2 kg/ 
m 3 , and the specific heat of the air at constant pressure is 1 .01 kJ/(kg-K), whereby AT=15deg. Provided that the tem- 

25 perature of the suction air 8 is 20°C, the temperature of the suction air 6 becomes 20°C+AT=20°C+1 5deg=35°C. When 
the airflow rate by the fan 4b in the indoor unit is 40 m 3 /min, in order to supply the suction air 6 as the suction air 8 
after cooling to be 20°C, a capability as much as 12 kW becomes necessary. It is supposed that the capability of the 
air conditioner follows an actual calorific load by detecting the electric power consumption by the communication equip- 
ments and controlling the capability. However, the blowing-out air 7 in the indoor unit is mixed with an ambient atmos- 

30 phere in the casing and served as the suction air 8 for the communication equipments, whereby the temperature of 
the suction air 8 does not become the above-mentioned temperature. In order to correct this, a requisite capacity of 
the compressor is calculated so a to make the suction air 8 basically have the set target value from the suction air 
temperature target value setting means 20 by comparing the temperature outputted from the suction air temperature 
detecting means 13 for the communication equipments and the set target value. Further, an upper limit of a maximum 

35 frequency of the compressor is calculated from an electric power delected by the electric power detecting means 12. 
Then the requisite capacity is corrected and the compressor 5a is controlled through the frequency control means 22 
upon a command of frequency outputted from the air condition control means 21a. 

[0091 ] Figure 3 is a flowchart for illustrating a control operation by the cooling control means. The air condition control 
means 21a confirms a frequency f currently outputted to the compressor 5a. 

40 [0092] In the next, the suction temperature detecting means 13 for the communication equipments checks the tem- 
perature Tm of the suction air 8 and the set temperature Ts of the suction air 8 in step S2. When these are not equal, 
in step S3, it is compared whether or not the temperature Tm exceeds the set temperature Ts. When the temperature 
Tm exceeds the set temperature Ts, in step S5, the frequency of the power source for the compressor 5a is increased 
through the frequency control means 22. When the temperature Tm does not exceed the set temperature Ts, in step 

45 S6, the frequency of the power source for the compressor 5a is decreased through the frequency control means 22. 
When the temperature Tm equals to the set temperature Ts in step S2, in S4, the frequency is unchanged in step S7, 
an upper limit fmax of the frequency of the compressor is operated by the air condition control means 21a. 
[0093] The upper limit fmax is obtained from a function f(w) having a variable of the output W from the electric power 
detecting means 12. This relation is set, for example, as follows: 

50 

f(w)= 13.7(W-6) + 30 

[0094] This is a case that a characteristic of the compressor 5a is such that 12 kW at 112 Hz and 6 kW at 30 Hz, 
55 and the capacity of the compressor linearly changes in frequencies between 112 Hz and 30 Hz. In step S8, fmax 
operated from f(w) and the calculated f., are compared. When f 1 is larger than fmax, the frequency of the compressor 
is fmax, and when f 1 is fmax or less, the frequency of the compressor is f 1 in steps S9, S10, and S11 . The frequency 
of the compressor is controlled as described. 
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[0095] There is a case that the calorific value of the communication equipments 2 abruptly changes. In such a case, 
it is insufficient to control using only the output signals from the suction temperature detecting means 13 for the com- 
munication equipments, which output signal is obtained as a result of the change. Therefore, the output signal from 
the electric power consumption detecting means 12, causing a change of the temperature Tm, is previously obtained 
to control the air condition, whereby a stable control with a good follow-up capability is achieved. 
[0096] Figure 4 is a flowchart illustrating the cooling control method according to another example or Embodiment 
6. The procedure until steps S9 and S10 is similar to that described above. The cooling control means in this cooling 
control method is illustrated in Figure 2. After calculating the frequency f t in the step S9orS10, instep S21 , the electric 
power consumption W, i.e. output from the electric power detecting means 12, at the time point is compared with the 
set value f 1 of the electric power consumption previously set. When W>Ws, in step S22, the frequency of the compressor 
5a is set to be f v When W>Ws, in step S22, the frequency of the compressor 5a is set to be f v When WgWs, the 
capacity of the compressor is minimized. This means the frequency of the compressor is minimized without avoiding 
the operation of the compressor, or a refrigerating circuit is formed to bypass a part of a refrigerant flowing into the 
outdoor heat exchanger 5b, wherein a bypass circuit is not illustrated in Figure 1 . The set value Ws is made a little 
larger than the minimum capacity of the air conditioner. For example, when the minimum capacity of the air conditioner 
is 6 kW, the set value Ws is 7 kW. When the calorific value of the communication equipments is reduced in the first 
example of Embodiment 6, there is a case that the compressor is stopped, i.e. thermo-off, when the capacity of the air 
conditioner is succeedingly reduced and the calorific value becomes less than the minimum capacity. However, in the 
example, a determination in the step S21 is further added, and the capacity of the compressor is minimized before the 
calorific value is reduced less than the minimum capacity of the air conditioner, whereby the thermo-off seldom occurs 
even in such a case. 

Repetitions of thermo-ons and thermo-offs do not only shorten a lifetime of a compressor but also causes moisture 
condensation in a casing, these problems can be prevented in this example. 

EMBODIMENT 7 

[0097] Hereinbelow, an example according to Embodiment 7 of the present invention will be described. 
[0098] Figure 6 illustrates a structure of the cooling control method for the communication station according to Em- 
bodiment 7. Figure 25 is a block chart illustrating the cooling control method according to Embodiment 7. In Figures 6 
and 25, numerical references the same as in Figures 1 and 2 designate the same or similar portions and description 
of these portions is omitted. Numerical reference 1 1 b designates the cooling control means for controlling the cooling 
capability of the air conditioner. 

[0099] An operation of the cooling control method for the communication station according to Embodiment 7 will be 
described in reference of Figures. Figure 26 is a flowchart illustrating an operation of the cooling control method 11b. 
A procedure until the steps S9 and S10 is similar to that in the examples of Embodiment 6. After calculating the fre- 
quency f., in the step S9 or S10, in step S31 , a suction temperature Tin, i.e., an output from the suction temperature 
detecting means 9, of the indoor unit at that time is compared with a set value Tins of the suction temperature previously 
set. When Tin>Tins, in step S32, the frequency of the compressor is set to be f v When TinSTins, a capacity of the 
compressor is minimized. This means the frequency of the compressor is minimized within an operable range for the 
compressor, or a refrigerating circuit is formed to bypass a part of a refrigerant flowing into the outdoor heat exchanger 
5b, wherein a bypass circuit is not illustrated in Figure 6. 

[0100] The set value Tins is set as follows. Step S31 in Figure 26 has similar significance to the step S21 in Figure 
4. In other words, as long as the temperature Tin of the suction air 8 for the communication equipments is constant, 
there is a relationship between the calorific value of the communication equipments and the suction air Tin for the 
indoor unit: 

Tin^ (calorific value of communication equipment) 
[0101] Accordingly, it is possible to substitute the suction temperature for the electric power consumption, described 
in the example of Embodiment 6 in reference of Figure 4. For example, the set value Tins is Tin corresponding to an 
electric power consumption of 7 kW. A temperature difference AT between the suction air 6 and the suction air 8 with 
respect to the electric power consumption 7 kW becomes AT=8.7deg based on the above-mentioned constants and 
equations. When Tm=20°C, Tin=Tm+AT=28.7°C. Accordingly, Tins may be set to be 28.7°C. 

EMBODIMENT 8 

[0102] In the above-mentioned examples of the embodiments, there are relationships between the calorific value of 
the communication equipments and the suction temperature. Therefore, the output from the electric power detecting 
means 12 and the output from the suction temperature detecting means may be exchanged. This case is illustrated in 
Figures 28 and 29 as Embodiment 8. 
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[0103] It is also possible to modify the process of designating the upper limit value of the frequency in the example 
of Embodiment 6 to be step S51 , in which the output W from the electric power detecting means 12 is compared with 
the set value Ws, and when WSWs, the capacity of the compressor is minimized. 

[0104] By this, while maintaining the function of preventing moisture condensation caused by repetitions of thermo- 
s ons and thermo-offs, the structure of the cooling control method is simplified. Also in this example, the judgement in 
the step S41 may be based on the suction temperature nol the electric power as described. 

EMBODIMENT 9 

10 [0105] Figure 30 schematically illustrates a structure of a cooling system of a casing in a communication station 
according to Embodiments 9, 11 , and 12. Constitutional elements corresponding to the conventional cooling system 
151 , illustrated in Figure 34, are attached with the same numerical references, and description of these constitutional 
elements is omitted. 

[0106] In Figure 30, the cooling system 101 for the casing is constructed to cool inside the casing 103 in the corn- 
's munication station 102 forming an enclosed space using a boiling type cooler 121 of a natural circulation refrigerating 
circuit 120 and an evaporator 1 1 3 in aforced circulation refrigerating circuit 109, through which a refrigerant is forcibly 
circulated by a compressor 110. Communication equipments 104 including heat components are accommodated in 
the casing 103. 

[0107] In the casing 103 of the cooling system 101 , a common airflow path 130 is located. The common airflow path 
20 130 includes a common case 129 shaped like a hollow box having a heat air intake port 132 for taking a heat air in the 
casing 103 and a cold air exhaust port 113 for blowing a cold air into the casing 103. In the common airflow path 130, 
the boiling type cooler 121 in the natural circulation refrigerating circuit 120, the evaporator 11 3 in the forced circulation 
refrigerating circuit 109, and a common fan 131 for blowing an air to the boiling type cooler 121 and the evaporator 
113 are built. 

25 [0108] A condenser 111 in the forced circulation refrigerating circuit 109 is installed in a condenser case 117 as an 
outdoor unit. The condenser case 1 1 7 is shaped like a box having an outer air intake port 11 8 and an outer air exhaust 
port 1 1 9. Further, the condenser case includes the condenser 1 1 1 , the compressor 1 1 0 : a refrigerant choke valve 112, 
and a fan 116. The forced circulation refrigerating circuit 109 is constructed by sequentially connecting the compressor 
110 in the condenser case 117, the condenser 111, the refrigerant choke valve 112, and the evaporator 113 in the 

30 common airflow path 130 through refrigerating pipes 114, 115 in an annular shape. 

[0109] The condenser 122 in the natural circulation refrigerating circuit 120 is located in the condenser case 125 as 
the outdoor unit. The condenser case 125 is shaped like a box having an outer air intake port 127 and an outer air 
exhaust port 128 and includes the condenser 122 and a fan 126. In other words, the natural circulation refrigerating 
circuit 120 is constructed by connecting the condenser 122 in the condenser case 125 and the boiling type cooler 121 

35 in the common airflow path 130 through a refrigerant evaporating pipe 123 and a liquid refrigerant return pipe. 

[0110] An operation of the cooling system 1 01 for the casing in the communication relay station 1 02 according to 
the above-mentioned structure will be described. 

[0111] A cooling air in a position 301 on a side of an equipment case 106 is taken into the equipment case by a fan 
(not shown) in the communication equipments 1 04. The cooling air cools heat components 1 05, is changed to a heat 

to air, and is blown out of the exhaust port in an upper portion of the equipment case into a position 303 inside the casing 
103. Thus blown-out heat air is taken into the common airflow path 130 from a position 304 through the heat air intake 
port 132 by the common fan 131 . In the common airflow path 130, the heat air passes through the boiling type cooler 
121 to primarily exchange heat with a refrigerant in the natural circulation refrigerating circuit 120. An air subjected to 
the primary cooling in position 305 is sucked by the common fan 131 , and passes through the evaporator 113 in its 

45 entirety, whereby the air exchanges heat with a refrigerant in the forced circulation refrigerating circuit 1 09. Thus cooled 
air is blown out into a position 300 in the casing 103 from the cooled air exhaust port 133 as a cooing air. In other 
words, the air cools inside the casing 1 03 by sequentially circulating the positions 300, 301 , 302, 304 and 305 in this 
order. 

[0112] In a refrigerant system in the natural circulation refrigerating circuit 120, a refrigerant in the boiling type cooler 
so 121 is boiled by exchanging heat with the heat air and reaches the condenser 122 through the refrigerant evaporating 
pipe 123. In the condenser 122, a gas refrigerant changes to a liquid refrigerant by condensing as a result of the heat 
exchange with an outer air passing through the condenser case 125 from the outer air intake port 127 to the exhaust 
port 128 by the fan 126. The liquid refrigerant returns to the boiling type cooler 121 through the liquid refrigerant return 
pipe 124 by a gravity flow caused by a difference of weight density from the gas refrigerant. 
55 [0113] On the other hand, in a refrigerant system of a forced circulation refrigerating circuit 109, a high-temperature 
high-pressure gas refrigerant forcibly discharged from the compressor 110 flows into the condenser 111 and cooled 
by heat exchange with an outer air passing through the condenser case 117from the outer air intake port 118 to the 
exhaust port 119. The liquid refrigerant is depressurized by the refrigerant choke valve 112 so as to be in a gas liquid 
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two-phase state, and reaches the evaporator 1 1 3 through the refrigerant pipe 1 1 4. The refrigerant exchange heat with 
the air subjected to the primary cooling in the evaporator 1 1 3 so as to be a low-pressure gas refrigerant, and returns 
on an intake side of the compressor 110 through the refrigerant pipe 115. The capacity of the compressor 110 is 
controlled based on an air temperature at the position 305 inside the common airflow path 130. 
[0114] As described, according to the cooling system 101 for the casing according to this embodiment, since the 
boiling type cooler 121 and the evaporator 113 are positioned inside a single common airflow path 130, it is sufficient 
lo locate one common fan 131 inside the common airflow path 130. Further, because a space for locating the fan, 
which is required for two units of fans in the conventional technique, is for one unit. Therefore, a fan providing a high 
airflow rate can be adopted as the common fan 130. Accordingly, a capability of the natural circulation refrigerating 
circuit 120 can be expansibly utilized. Meanwhile, the air subjected to the primary cooling by the boiling type cooler 
121 is always introduced into the evaporator 1 1 3 to be sufficiently cooled. Therefore, there is no danger that bypassing 
of an air and a short cycle occurs in the casing 103 as in the conventional technique, whereby a cooling efficiency 
becomes high and an energy can be saved. Further, because the heat air is not directly sucked into the evaporator 
113, it is possible to prevent failures of the forced circulation refrigerating circuit 109. Further, the heat air guiding path 
157, illustrated in Figure 34 required in the conventional system, is not always necessary. 

[0115] As described, it is possible to reduce the number of fans and a running cost, whereby the energy can be 
saved; a total cooling capacity in the airconditioning system is reduced; reliability of the total cooling system is improved; 
and a noise can be reduced by reducing a running capacity of the compressor 110. 

[0116] Incidentally, in orderto improve the efficiency of the system, or preventing moisture condensation in the casing 
103, it is effective to operate the system by increasing the temperature inside the casing as high as possible as long 
as an ambient temperature required in using the communication equipments 1 04 and so on. However, when the tem- 
perature inside the casing is increased, for example 30°C or more, an air temperature in the position 303, where the 
air is blown out of the equipment case 106, is increased, for example 40°C. If the air having such a temperature is 
directly sucked into an ordinary indoor unit of an air conditioner, for example the evaporator case 153 in Figure 34, an 
assured range for operation of the air conditioner indoor unit, for example 35°C, overpassed. As described, by pairing 
and arranging the boiling type cooler 121 and the evaporator 113, the suction temperature for the evaporator 113 is 
kept within the assured range, and succeedingly the reliability of a cooling system is improved. 
[0117] Further, the boiling type cooler 121 in the common case 129 as a function of demonstrating a high capability 
as a difference between a temperature of the suction air in the position 304 and a temperature of an outer air sucked 
into the condenser 122 in the position 306 as illustrated in Figure 32. Therefore, it is efficient to exchange heat with a 
heat air positioned possibly closest to the heat components 1 05. Forthis, it is preferable to arrange the heat air intake 
port 1 32 in the common case 1 29 at a position just above the heat components in this case, the temperature of a heat 
air blown out of the exhaust port 1 08 of the communication equipments 1 04 is substantially maintained and becomes 
the same as that of an air, sucked into the common airflow path 130 in the position 304. 

EMBODIMENT 10 

[0118] Figure 31 schematically illustrates the cooling system for a casing of the communication station according to 
Embodiment 10. The cooling system 101a of a communication station 102a differs from the above-described cooling 
system 101 at a point that the common airflow path is constructed by an airflow path 148 having a built-in boiling type 
cooler 121 , an airflow path 150 on the evaporator side having a built-in evaporator 113, and a connecting airflow path 
149 for connecting the airflow path 148 and the airflow path 150. More specifically, an exhaust port 146 of a cooler 
case 143 accommodating the boiling type cooler 121 is connected to an intake port 147 of an evaporator case 145 
accommodating the evaporator 113 through a connecting duct 144, wherein a common airflow path 130a is formed 
inside these. Because an operation of the cooling system 1 01 a for the casing is substantially the same as that described 
in Embodiment 9, description is omitted. 

[0119] In thus constructed cooling system 101a, it is possible to use an air conditioner, corresponding to the evap- 
orator case 145 having the intake port 147 and a cold air exhaust port 133, the evaporator 113, and a common fan 
131 , positioned in the forced circulation refrigerating circuit 1 09 without modifications. 

[0120] Meanwhile, it is possible to form a suction side space 166 by forming a separator between the equipment 
case 1 06 and the cooler case 1 43 and between an inside of the casing 1 03 and the cooler case 1 43. When the separator 
165 is not formed, it is possible to locate a plurality of communication equipments 1 04 having built-in heat components 
105 in a casing 103. 

EMBODIMENT 11 

[0121] In the cooling system 101 for the casing according to Embodiment 11, as illustrated in Figure 30, a control 
device 138 composed, for example, microcomputers and so on is located. In this embodiment, the control device 138 
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has a function of a compressor control means 140 to be described below. Further, the cooling system 101 includes a 
temperature detecting means 134 for detecting an outer air temperature, and a temperature detecting means 135 for 
detecting a temperature inside the casing, preferably a temperature of airs in the vicinity of the exhaust port 108 of the 
equipment case 108 and the heat air intake port 132 of the common case 129. 

[0122] When the temperature detecting means 134 detects an outer airtemperature, and the temperature detecting 
means 1 35 delects the temperature inside the casing, [he compressorcontrol means 1 40 operates a difference between 
the detected temperature inside the casing and outer air temperature. Succeedingly, the compressor control means 
140 stops an operation of the compressor 110 in the forced circulation refrigerating circuit 1 09 based on the obtained 
temperature difference. 

[0123] Specifically, a capability (kW) of the natural circulation refrigerating circuit 120, illustrated in Figure 32, and 
data about the temperature difference between the temperature inside the casing and the outer air temperature are 
previously set and memorized in a memory, and a requisite capability of the natural circulation refrigerating circuit 120 
is obtained from the temperature difference operated from various detected temperatures. Then, when the requisite 
capability of the natural circulation refrigerating circuit 120 is lower than the set values of the data under the same 
conditions, the compressor control means 1 40 forcibly stops the compressor 1 1 0 in the forced circulation refrigerating 
circuit 109, whereby only the natural circulation refrigerating circuit 120 is continued to operate. 
[0124] In other words, in this system according to Embodiment 11 , when it is sufficient to cool the inside of the casing 
using only the capability of the natural circulation refrigerating circuit 1 20, the compressor 1 1 0 is not operated regardless 
of the airtemperature in the position 305, whereby it is possible to avoid a needless running cost for the forced circulation 
refrigerating circuit 109. 

[0125] Meanwhile, the capability of the natural circulation refrigerating circuit 120 is enhanced as the outer air tem- 
perature is low, whereby a load to the forced circulation refrigerating circuit 1 09 can be reduced. For example, when 
the natural circulation refrigerating circuit 120 having a characteristic as in Figure 32 is designed, a cooling capacity 
under a temperature difference AT=25°C, for example the outdoor air temperature is 1 5°C and the temperature inside 
the casing is 40°C, is 40 kW. In other words, if the capability of the natural circulation refrigerating circuit 120 is designed 
based on conditions of midsummer, when the outdoor air temperature is extremely high, the running capacity on a side 
of the forced circulation refrigerating circuit 9 in winter seasons and intermediate seasons can be drastically reduced, 
whereby a running cost is reduced. It is also possible to provide ebullient cooling in the natural circulation refrigerating 
circuit 1 20 with a reduction of the capacity on the side of the forced circulation refrigerating circuit 1 09. 
[0126] Needless to say that the structure of Embodiment 11 can be applied to not only the cooling system 101 , 
illustrated in Figure 30, but also the cooling system 101a, illustrated in Figure 31. 

[0127] Further, when a calorific load inside the casing scarcely changes through a year, it is possible to stop an 
operation of the compressor 110 based solely on the detected outer air temperature by the temperature detecting 
means 134. In such a case, because the temperature detecting means 135 for the casing is omitted, a structure for 
controlling is simplified and a cost becomes low. 

EMBODIMENT 12 

[0128] In the cooling system 1 for the casing according to Embodiment 12, as illustrated in Figure 30, a pressure 
detecting means 136 for detecting a low-pressure refrigerant pressure on a suction side of the compressor 110 and a 
temperature detecting means 137 for detecting a high pressure refrigerant pressure on an exhaust side of the com- 
pressor 110 are included. Further, the control device 138 has functions as a malfunction detecting means 141 for the 
forced circulation refrigerating circuit 1 09, detecting based on detected pressures respectively by the pressure detecting 
means 136, 137 and an operation hold means 142, which holds the common fan 131 in a running state when the 
malfunction detecting means 141 detects malfunctions of the forced circulation refrigerating circuit 109. 
[0129] Accordingly, in the cooling system according to Embodiment 12, when a difference between the detected 
pressure, respectively from the pressure detecting means 136, 137, is larger than a predetermined value, the malfunc- 
tion detecting means 141 detects malfunctions of the forced circulation refrigerating circuit 109. The malfunction de- 
tecting means 141 urgently stops the compressor 110. Simultaneously, the malfunction detecting means 141 continues 
to send an air by holding the common fan 131 in the running state. Since the natural circulation refrigerating circuit 
120 is constantly operated even in such a case, an air is sent to the boiling pipe cooler 121 by the common fan 131 . 
In other words, even though the forced circulation refrigerating circuit 109 is urgently stopped by malfunctions, an air 
cooled by the boiling type cooler 1 21 is blown into the casing 1 03, and a temperature inside a casing 1 03 is not boiled. 
However, it is possible to detect a refrigerant temperature on the exhaust side of the compressor instead of using the 
pressure detecting means 136, 137 for detecting malfunctions of the forced circulation refrigerating circuit 109. Such 
modification may be applied to the malfunction detecting means other than the pressure detecting means. 
[0130] Embodiment 12 can be applied to not only the cooling system 101 but also the cooling system 101 a in Figure 
31 . 
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[01 31 ] Although in the above embodiments, examples that the common airflow paths 1 30, 1 30a are built in the casing 
1 03, the present invention is not limited to such structures. For example, the common case 1 29 for the common airflow 
paths 1 30, 1 30a, the cooler case 1 43, the connecting duct 144, the evaporator case 1 45 may be attached to an outside 
of the casing for connecting the heat air intake port 1 32 and the cool air exhaust port 1 33 into an inside of the casing 1 03. 
5 [0132] Further, although the common fan 131 is located between the boiling type cooler 121 and the evaporator 11 3, 
the present invention is not limited to this structure. The common fan 131 may be located on an upstream side of the 
airflow in the boiling type cooler 121 or on the downstream side of the airflow in the evaporator 113 in the common 
airflow paths 130, 130a. 

[0133] The first advantage of the cooling control method for a communication station as described above is that the 
10 temperature of the suction air for cooling the communication equipments is rendered to be the set temperature based 
on the detected value by the temperature detecting means; the temperature of the suction air for the communication 
equipments is stabilized; and it is possible to accurately follow up the calorific value, i.e. load, caused by the operation 
of the communication equipments. 

[0134] The second advantage of the cooling control method for the communication station as described above is 
15 that it is possible to control with a good capability of following up the load and to efficiently control cooling in response 
to the load of the air conditioner, whereby the energy can be saved during the operation. 

[0135] The third advantage of the cooling control method for communication stations as described above is that 
frequent thermo-ons and thermo-offs are prevented to avoid the moisture condensation in the casing. 
[0136] The fourth advantage of the cooling control method for communication stations as described above is that 
20 the electric power consumption can be detected using an ampere meter at a cost lower than that at an electric power 
meter. 

[0137] The fifth advantage of the cooling control method for communication stations as described above is that the 
moisture condensation can be prevented because a blowing-out air temperature from the air conditioner is increased. 
[0138] The sixth advantage of the cooling control method for communication stations as described above is that a 

25 lifetime of the air conditioner is not adversely affected. 

[0139] The seventh advantage of the cooling control method for communication stations as described above is that 
it is possible to prevent troubles such that a usable temperature range for the air conditioner is outstripped. 
[0140] The eighth advantage of the cooling control method for communication stations as described above is that 
preferable control target values can be set regardless of hours and changes of the seasons, and a stable operation is 

30 obtainable. 

[0141] The ninth advantage of the cooling control method for communication stations as described above is that it 
is possible to deal with troubles of the cooling devices because the auxiliary cooling device and the main cooling device 
are independently controlled to operate. 

[0142] The tenth advantage of the cooling control method for communication stations as described above is that it 
35 is possible to set the air temperature, introduced into the evaporalor of the boiling type cooling device, high, enhance 
the cooling capability of the boiling type cooling device, and increase the cooling airtemperature inside the main cooling 
device, whereby the moisture condensation in the casing can be prevented. 

[0143] The eleventh advantage of the cooling control method for communication stations as described above is that 
the energy can be saved while maintaining the cooling effect inside the casing. 
40 [0144] The twelfth advantage of the cooling control method for communication stations as described above is that 
the capability of the natural circulation refrigerating circuit can be expansively used by adopting a fan providing a high 
airflow path as the common fan. 

[0145] The thirteenth advantage of the cooling control method for communication stations as described above is that 
bypassing and short cycles do not occur in the casing, a high cooling efficiency is realized, and therefore the energy 
45 can be saved. 

[0146] The fourteenth advantage of the cooling control method for communication stations as described above is 
that troubles in the forced circulation refrigerating circuit, caused at time of directly sucking a heat air, can be prevented. 
[0147] The fifteenth advantage of the cooling control method for communication stations as described above is that 
the air conditioner indoor unit for the forced circulation refrigerating circuit can be used without modification when the 
so common airflow path is formed and the common fan is located in the airflow path on the evaporator side. 

[01 48] The sixteenth advantage of the cooling control method for communication stations as described above is that 
the cooler of the natural circulation refrigerating circuit on the use side can be used without modification when the 
common fan is located in the airflow path on the cooler side. 

[0149] The seventeenth advantage of the cooling control method for communication stations as described above is 
55 that an unnecessary running cost for the forced circulation refrigerating circuit can be saved. 

[0150] The eighteenth advantage of the cooling control method for communication stations as described above is 
that the troubles in the forced circulation refrigerating circuit can be rapidly solved without an abrupt increment of the 
temperature in the casing. 
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[0151] Obviously, numerous modifications and variations of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 

[0152] The entire disclosure of Japanese Patent Applications JP11-219661 filed on August 3, 1999, JP11-239406 
filed on August 26, 1999 and JP1 2-01 4583 filed on January 24, 2000 including specification, claims, drawings and 
summary are incorporated herein by reference in its entirely. 



Claims 

1. A cooling system (101) for a communication station for cooling a casing (103) of the communication station, ac- 
commodating communication equipment including heat components, by a boiling-type cooler (121) in a natural 
circulation refrigerating circuit and an evaporator (113) in a forced circulation refrigerating circuit (109), activated 
by a compressor (110), the cooling system comprising: 

a common airflow path (130) having a heated air intake port (132) for taking heated air into the casing (103) 

and a cooled air exhaust port (133) for blowing cooled air into the casing (103); 

a common fan (131) for sending air to the boiling-type cooler (121) and the evaporator (113); 

the boiling-type cooler (1 21 ), the evaporator (1 1 3), andthecommon fan (131) being built in the common airflow 

path (130); 

temperature detecting means (134) for detecting at least an outer air temperature; and 

compressor control means (140) for stopping the operation of the compressor (110) in the forced circulation 

refrigerating circuit (109) based on a detected temperature received from the temperature detecting means 

(134). 

2. A cooling system according to claim 1 , wherein the common airflow path (130a) comprises an air path (148) on a 
cooler side, inside which the boiling-type cooler (121) is installed, an airpath (150) on an evaporator side, in which 
the evaporator (113) is installed, and a connection air path (149) for connecting the air path (148) on the cooler 
side and the air path (1 50) on the evaporator side. 

3. A cooling system according to claims 1 or 2, further comprising: 

malfunction detecting means (1 41 ) for detecting malfunctions of theforced circulation refrigerating circuit (1 09); 
and 

driving means (142) for keeping the common fan (131) in a running state when the malfunctions in the forced 
circulation refrigerating circuit (109) are detected by the malfunction detecting means (141). 
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